An animal model with a REML algorithm was used to estimate variances of additive genetic effects and interaction effects of sire and herd. Milk and fat yields were analyzed for fmt, second, and thrd lactations of Holsteins from California, New York, and Pennsylvania. Twenty samples of data were used in the study: 10 from California, 4 from New York, and 6 from Pennsylvania. Abbreviation key: c2 = fraction of variance that was due to sire and herd interaction effects, CA = California records, NYP = New York and Pennsylvania records.
lactations in California and .34 and . 35 for first lactations and . 28 and . 29 for all lactations in New York. Sums of variances of permanent environmental and interaction effects of sire and herd were similar to those used for national genetic evaluations in the US.
Analysis of another 10 samples from California and 10 samples from New York showed only slightly different fractions of phenotypic variance for milk yield for interaction effects of sue by herd, sire by herd by year, and sire by herd by year by season: .023, .027, and ,037 for California and .023, .017, and .023 for New York, respectively. (Key words: lactation yields, interaction of genotype and environment, restricted maximum likelihood)
INTRODUCTION
Interaction of sire and herd occurs when the differences among progeny groups are not the same in different environments. Similarity among progeny in the same environment may be due to management (22, 28) . Then, the genetic correlations among expressions of the same genotype in different environments (1 1, 1995 35, 47) are less than unity. Interaction variance also may be a consequence of heterogeneous variances within environmental groups (e.g., herds) and has been termed a pseudo interaction effect (11, 41) . Meyer (19) concluded that interaction variance is mostly due to common environmental effects rather than to interaction of genotype and environment.
Ignoring interaction of sire and herd would inflate estimates of additive genetic variance (18, 19, 38, 41) and lead to an overestimation of accuracy of EBV (2, 19). The effect is more important for evaluation of cows and natural service bulls than for bulls used in AI service (3, 18, 19, 42) . Dong and Mao (13) and Meyer (19) found that interaction effects were relatively higher for models with effects of herdyear-season than for models with effects of herd-year.
Variances due to interaction of sires and herds have been estimated by intraclass correlation (1, 37), Henderson's method 1 (18, 38, U ) , Henderson's method 3 (3, 4, 8, 26, 27, 36) , and single-trait REML with a sire model (19, 23, 25) . Multiple-trait REML (9, 33) has been used to estimate genetic correlation between regions. For yield traits, REML estimates of variance of interaction of sire and herd with a sire model were between 1 and 4% of phenotypic variance (2, 19). A preliminary study of first lactation records with an animal model reported mean estimates of 1% of phenotypic variance (12).
The objective of this project was to estimate the component of variance for effects of interaction of sire and herd with an animal model similar to that used for the national genetic evaluation in the US. An objective added after completion of these analyses was to compare three models with interaction effects of sire and management assigned to 1) sire and herd, 2) sire and herd-year, and 3) sire and herdyear-season of freshening.
MATERIALS AND METHODS
Records for first, second, and third lactations of Holstein cows for yields of 305-d, twice daily milking, mature equivalent milk and fat in California, New York, and Pennsylvania were from the Animal Improvement Programs Laboratory of the USDA. Years of calving were 1965 through 1991.
Twenty data sets were sampled randomly by herd code. Data sets 1 through 10 were from California (CA), 11 through 14 were from New York, and 15 through 20 were from Pennsylvania. Data from New York and Pennsylvania are designated as NYP.
Two edits were applied after the 20 data sets were selected. All lactations must have been more than 240 d, and a sire had to have progeny in at least two herds. Maximum size of a deleted sire progeny group was 70. These later edits decreased the data by about 22%.
Corresponding numbers of lactations were 23,344 and 56,071. Table 1 summarizes the data structure for samples that were analyzed. For the 10 data sets from CA, mean milk and fat yields were 9225 and 332 kg for first lactation and 9478 and 339 kg for all lactations. Corresponding means for NYP were 7936 and 289 kg for first lactation and 8060 and 294 kg for all lactations. The means were similar for all samples ( Table 2) .
Model hi, = fixed effect of year j in herd i; au = random effect of cow 1, daughter of sire k; c& = random environmental effect of sire k, associated with daughters in herd i; Pkl = random permanent environmental effect of cow kl; and eijklm = random environmental effect appropriate to the model. where A is the additive genetic relationship matrix with its inverse computed by the method of Quaas (29), and I,, I,, and IN are identity matrices of order number of sire by herd levels, cows with records, and number of records.
Variance components were estimated by a derivative-free algorithm to obtain REML estimates (17, 32) using a Choleski decomposition algorithm (7). The minimization search was based on the Downhill simplex algorithm (6). The function minimized was -2 times the logarithm of the likelihood. The convergence criterion was the variance of the n + 1 funcJournal of Dairy Science Vol. 78 . No. 4, 1995 tions in the simplex less than where n is the number of vanance components in the model. Convergence was achieved, on average, after 51 rounds for Model [l] and 82 rounds for Model [2] . At apparent convergence, analyses were restarted to check for possible local maxima. None were found.
Empirical standard errors of estimates of variance components and fractions of total variance were calculated from estimates from the 10 samples from CA and from the 10 samples from NYP.
RESULTS AND DISCUSSION
Summaries of estimates of variance components and their empirical standard errors are represented in relative proportions of the total variance ( Table 3 ) and in units of the traits ( Table 4) .
The mean ratios of variance of interaction of sire and herd to total variance (c2) for milk yield were .015 k .002 for first lactation and ,019 f ,002 for all lactations for CA and .015 f .002 and .018 f .002 for NYP ( Table 3) . For fat yield, the corresponding ratios for CA and NYP were similar and averaged .019 f .002 and .021 rt .002. Estimates from this study were smaller than for milk yield from first lactation of British Friesians, where c2 estimated with a sire model was .031 for interaction effects of sire and herd and .036 for interaction effects of sire and herd-year-season (19) . For REML analyses of milk yield, estimates of c2 with a sire model increased from .018 for first lactation to .030 for third lactation (2) method 1 (38) , the interaction component for milk was four times greater (.04 vs. .Ol) than that for fat yield.
All estimates of c2 in this study were smaller than the .14 assumed in previous and current methods used by the USDA for evaluation of sires and dams (22, 23, 28, 39, 46) . After a study of changes in evaluations of natural service sampled bulls brought into AI, Norman et al. (23, 24) indicated that the c2 value of .14 currently used by the USDA may be too high. Misztal (20) also found that the variance of interaction effects of sire and herd was not significant for final type score. A value for c2 that is too large may lead to underestimation of genetic merit of superior sires and dams. Research is in progress to study the effect of different values of c2 on estimation of genetic merit.
The mean estimate of heritability ( (Table 3 ) were similar to those for milk yield. Differences between estimates for milk and fat yield in other studies (20, 28, 29, 31, 43) were only about .02, as in this study.
Variation in heritability estimates across the data sets was greater for milk yield from first lactation than from all records and was generally greater for milk than for fat yields ( Table  3) .
The proportions of permanent environmental variances for milk and fat yields were .31 k .01 and .30 f .01 for CA and .24 f .01 and .22 k .01 for NYP (Table 3) . These estimates were somewhat smaller than those for British Friesians (45) . For nearly all data sets, the estimates for milk yield exceeded those for fat yield. The estimates suggest that the variance of permanent environmental effects is larger than the 14% assumed for national evaluation of bulls and cows (23,46). The sums of the proportions of total variance from permanent environmental effects and interaction effects of sire and herd from this study, however, are similar to that sum used in the national evaluation.
Estimates of phenotypic variances were larger for CA than for NYP and were smaller for first lactation than for all lactations.
Comparison of Three Models for Interaction Effects of Sire and Management
At the suggestion of a reviewer, 10 additional data sets were analyzed from California and New York for milk yield with three differ- 503  0  1035  1636  504  19  369  895  1936  663  69  1178  1769  660  71  493  960  2029  596  32  1087  1715  569  44  438  930  1981  16  6  16  15  6  12  7 'A = Additive genetic variance, SH = variance from interaction of sire by herd, PE = variance from permanent environmental effects. and E = variance from residual effects, Table 5 .
Estimates of fractions of total variance and empirical standard errors for milk yield for the 10 New York and 10 California samples for the three models are in Table 6 . The mean fraction of variance from interaction effects of sire and herd is the same for both states, . 023 
CONCLUSIONS
The mean estimates of variance of interaction effects of sire and herd relative to phenotypic variance for yield traits of Holsteins from CA and NYP were ,015 to .022. These estimates are markedly smaller than the .14 currently used for national genetic evaluations in the US. The effects on ranking of bulls and cows caused by use of a value of .14 rather than .01 to .02 should be considered. Estimates of heritabilities for first lactation were somewhat larger than for all lactations. For yield traits, these heritabilities were smaller than for most similar studies with animal models but were similar to those used for the national evaluation program. The estimates of repeatability in the data are similar to those used nationally.
The effect on selection response of using the smaller fractions of interaction variance of sire and herd found here or of using interaction variance of sire and herd equivalent to .14 of phenotypic variance is being studied on the original data sets from CA and NYP.
A more definitive study would be to use the national sire and cow evaluations updated over a number of years. The question of whether to use .14 or some smaller value for the fraction of variance for interaction of sire and herd is a policy as well as a scientific issue. One factor to consider is whether to incorporate different fractions for the three classes of sires (multiple herd sampling, standard sampling, or other sampling) identified by USDA in genetic evaluations. Such a modification of national genetic evaluation would not be difficult. Further research to estimate interaction variance of sire and herd for those three classes of sires would seem warranted to aid in making a decision on how to account for possibility of preferential treatment.
